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A preliminary measurement of the emittance wag made for the
300 GeV/c extracted beam on 4 August 1972, The purpose of the
‘measurement was to obtain information about the beam and to test
the feamibility of the measurement method.

Running conditions were as follows:

Machine energy: 300 GeV

Machine intensity: NB{lU?lG protons/pulse
Extracted intensity: @1*5{13;10 protong/pulse
Extraction efficiency: *50%

?Qsiﬁian bump: Tl = 4,42, SL = 1.6, AQ = 4,8
Angle bump: ?1 = 4,42, 8L = 1.6, %E = 1

Pinger (alr core
magnet) voltages F34 = 15 kV, F38 = 14.5 vV
Pinger timing was synchronized tQ-AGEIM to within 42 usec

Two SWIC profile monitors and the lenses formed by MO0 and MQOL,
the first guads external to the machine, were used in the measuraméﬁt*
One SWIC is installed immediately upstream from MOS0, Z = 153%', and

the other ig installed at the upstream end of the B enclosure,
% = 380" as indicated below:




-2 EXp-24

THEORY
The phasge space is defined as follows:

ey = ¥, Y

€ = X X
-4 G G

where we is the area of the right ellipse at the walst with axis

Yo and y;; or X, and x;; vy and x correspond to vertical and hori-
zontal, respectively: Yo and %, are the semiwidths of the beam at
the waist; y; and x; are the slopes of the asymptotes to the hypexr-

bola formed by the beam envelope as indicated below:

According to Banfordfl if a lens is adjusted to obtain a down~
stream minimum beam size as indicated below, then the following

relationship applies for the phase space:

e = b4 ymin
N AZ

b

where v = the beam semiwidth at the lens, = the minimum beam

Ymin
size at the downstream location, and AZ = the distance between the
lens and beam minimum.

A similar expression exists for the horizontal phase space

which mav be measured independently.
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It is interesting to note that a minimum beam size at a given
location reguires, in general, an upstream walst of a smaller
dimension as indicated in the above ﬁiagrampi'

It is furtheér noted that the same two profile monitors vield
the divergence of the beam and the location of an assumed waist
upstream from the lens, if the lens is off and if both profile
monitors are sufficiently removed from a waist. The following
is the resulting geometxy: ;

Clearly, if a wailst is far away, %% £ Yo And the extension of line
’ ¥

AB to the Z axis locates the waist, Since y  1is known, the semi-

width of the béam, y_, at the waist can be determined from

jy& = syﬁy;y.am& the emittance phase space ellipse is uniguely
defined. The value cobtained fmr_ya gerves also as a consigtency
check of the measurement since this value must be less than y
measured at the lens.

'RES§E?S
Measured Beam Qz@fii@s_{?uli Slpel
1537 Location 380° Logation
2y = 1.i 0.1 mm Bymin = 2,0 #0.15% mm
w3 B gy . : ) -:: L1 I
2 3.0 20,2 mm Exmin 3.0 %0, st}

2y = 3.0 £0.2 cmm |
max j Cuads off
me&x = 4,0 20,2 mm

NE o= 227" = 69189 mm
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Vertical Calcuiatisns

Y Ygin _ (0.6) (1)mm” -3
Ey = A FSTES e {(8.7x2.1Y x 10 mm mrad
' Voot "Y
LY “max _ 0.9 mm _ -G o
¥, = N = F9166 mm = (13%4) = 10 rad
Waist location Zoy = 153" - %Ttm 1537 - (150%'%60°') = (3'%2607) from
A
o
>
Y, = =~ = (0.7£0.3) mm
Y
Horizontal Calculations
X OX_ . 2
_ min _ {(1.5){1.5} mm -2
e, = I = SRS = (3,3%0.7) x 10 mm mrad
% -2
P Tmax L. -5
2, o= N = Z5Tas = {(7.225.7) % 10 rad
Z,, = 153' - %T = 1537 - (6787#545') = (~525'4545) "
from A .
TG
€ 3.25(10) 77 nm rad
S TE ——= = {4.5%3.6} mm half width
x; 7.23(10) rad
DISCUSSION

The wvertical emittance appears

since the walst size calculated is

size of the beam at the first lens.

beam size with an existing SWIC at

The horizontal measurement is

te be reasconably consistent

approximately the same as the
A measurement of the vertical

Ay

less accurate.

also agrees.
A calculated

waist of 4.5 mm half width is inconsistently large aithough the

error is also large. Thig inconsi

stency may be resolved by a
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more accurate measurement and one in which a clear minimum horizon-
tal beam size iz achieved at the downstream profile monitor. This
requires more horizontal focussing strength than we were able to
obtain with the M0O920-91 doublet. We propose to gain the necessary
focussing strength by shorting the MQ%1.

The addition of another profile monitor located approximately
200" downstream in the B enclosure will provide a more accurate
divergence measurement and provide desirable redundancy in our
measurements. More resolution is regulred in the measurement and

SWIC's with 0.5 mm wire spacing are proposed.

CONCLUSIONS

Although these results

e, = (3.320.7) x 107% mm mrad

and
(g.7+2. 1) = le3 mm mrad

i

€
W

must be considered preliminary, the measured emittances are signi=-
ficantly less than the values

i

€ 0.23 mm mrad

H
and

i

£ $.09 mm mrad.

W

predicted for 200 GeV/c by Rode, et.ai.,2 The low extraction efficiency
of only 50% and the low machine intensity may be a partial explanation.
With further refinements in measurement technigue and facilities,

extraction parameters may be optimized and studied as a useful adijunct

to accelerator research and operation.
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